Orientational Harmonic Model for Rotation, Translation, and Scale Invariant Pattern Representation in Biological Vision by Lehar, Steven
Boston University
OpenBU http://open.bu.edu
Cognitive & Neural Systems CAS/CNS Technical Reports
1993-01
Orientational Harmonic Model for
Rotation, Translation, and Scale
Invariant Pattern Representation in
Biological Vision
https://hdl.handle.net/2144/2007
Boston University
ORIENTATIONAL HARMONIC MODEL FOR ROTATION, 
TRANSLATION, AND SCALE INVARIANT PATTERN 
REPRESENATION IN BIOLOGICAL VISION 
Steven Lehar 
January 1993 
Technical Report CAS/CNS-93-030 
Permission to copy without fee all or part of this material is granted provided that: 1. the copies are not. made 
or distributed for direct commercial advantage, 2. the report title1 author 1 document mimber, and release 
date appear, and notice is given that copying is by permission of the BOSTON UNIVE:RS!'I'Y CENTER 
FOR ADAPTIVE SYSTEMS AND DEPAHTMENT OF COGNITIVE AND NEURAL SYSTEMS. To copy 
otherwise, or to rcpublish 1 requires a fee and for special permission. 
Copyright @ 1993 
Boston University Center for Adaptive Systems and 
Department of Cognitive and Neural Systems 
111 Cummington Street 
Boston, MA 02215 
Orientational Harmonic Model for Rotation, Translation, and 
Scale Invariant Pattern Representation in Biological Vision. 
Steven Lebar 
Boston University, Department of Cognitive and Neural Systems 
Ill Cummington Street, Second Floor 
Boston, MA 02215 
Tel. (617) 353-6741 
Abstract 
An extension to the orientational harmonic model is presented as a rotation, translation, and 
scale invariant representation of geometrical form in biological vision. 
Grossberg [1] presents the Boundary Contour System I Feature Contour System (BCS I FCS) 
model to explain the phenomenon of illusory boundary formation in biological vision. A principle 
feature of the BCS model that accounts for illusory boundary formation is the bipolar cooperative 
cell, postulated to exist at all orientations and all spatial locations in the visual cortex, whose pair 
of large elongated receptive fields detect and enhance pairs of boundaries that are both parallel 
and spatially aligned (like the edge signals in Figure 1), and perform illusory boundary comple-
tion between them. Heiko Neumann [2] suggests a more general model to account for boundary 
completion around comers by replacing the specialized bipolar cooperative cells with a "rosette" 
of generalized monopolar cells. Cooperative comptetitive feedback interactions within the ring of 
cells ensures that exactly two and only two cells can remain active at any time. 
cooperative { 
cell 
layer 
oriented cell { 
layer 
Figure 1. 
Architecture of the generalized cooperative cell, or "rosette". 
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Lebar [3,4] proposes a still more general scheme to account for boundary completion at vertices 
composed of any number of orientations. Figure 1 illustrates this architecture. Oriented units cor-
responding to cortical simple cells detect oriented edges in the visual input by way of oriented 
receptive fields. "Rosettes" of cooperative cells are located between the oriented units and receive 
input only from orientations that are radial to the center of the rosette. Harmonic oscillations in 
the ring of cells detect and enhance spatial patterns of activation corresponding to the orienta-
tiona! harmonics of the full circle. Analogous acoustical harmonics in a resonant tube subdivide 
that tube into periodic patterns of alternately oscillating and quiescent regions, as in Figure 2 (A). 
In a closed circular tube such patterns divide the full circle into integer numbers of alternating 
segments, as shown in (B). In the oriented representation of the "rosette", this periodic pattern 
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Figure 2. 
Acoustical harmonics in (A) a linear tube, and (B) a circular tube, and (C) orientational har-
monics. 
represents the orientational harmonics depicted in (C), and the resonant properties of this ring of 
cells will respond to, and enhance any such orientational periodicity present in the input. The sec-
ond harmonic corresponding to bilateral symmetry, is the special case in this model corresponding 
to colinear completion in the BCS model. These harmonics of the orientational frequency repre-
sentation account for a wide variety of visual illusions [3, 4]. 
The harmonic resonances in this model do not constitute a "higher level", or abstract representa-
tion of the patterns at the vertices because there is no single cell whose activity represents any par-
ticular pattern. Instead, such resonances instantiate specific laws of interaction or compatibility 
between oriented inputs. This model represents, therefore, a veridical facsimilie, or internal copy 
of the visual input complete with its own internal laws, corresponding to the Gestalt laws of per-
ceptual grouping, as seen in the visual illusions. For the purposes of recognition and recall how-
ever the system would need some higher level abstraction in the form of cells that fire in the 
presence of certain orientational hannonic patterns, and fail to fire in the absence of those pat-
terns. The analogy with acoustical harmonics in a resonant cavity suggests just such a representa-
tion. The spatial frequency of nodes in an acoustical cavity is directly related to the temporal 
frequency, or tone of the oscillation. A bank of filters tuned to the temporal frequencies of the har-
monics in this system would be able to record the pattern of harmonics present in the system. Fur-
thermore, that representation would be invariant to the absolute rotation of the pattern. Similarly, 
a bank of tuned oscillators would be able to stimulate such harmonics in the system in a rotation 
invariant manner, but those harmonics would have to appear at a particular orientation. In the 
absence of visual input, that orientation would be random, but the presence of any input signal 
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would bias the primed pattern to appear at an orientation that is most consistent with the visual 
input. Figure 3 shows the result of a computer simulation of such a system. The radial lines in the 
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Figure 3. 
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Ambiguous bipolar input (A) is primed for tripolar perception (B). 
dials to the left indicate the direction and magnitude of the oriented input signal to the system, and 
the segmented line plots the response of the cooperative cells in the rosette to that input and the 
orientational harmonics at equilibrium. The bar charts on the right indicate the bottom up signal, 
or response of tuned filters to the first five harmonics of orientational frequency in the pattern of 
activation, while the top-down signal indicates the bias imposed by tuned oscillators that serve to 
prime the system for particular patterns. In (A) the system is responding to an ambiguous input 
which it registers primarily as a second harmonic, or straight-through vertex, although it recog-
nizes some other components in the signal. This bottom-up pattern is invariant to the absolute ori-
entation of the input. The top-down signal is unbiased, favoring each harmonic equally. In (B) the 
top-down signal is biased to favor the third harmonic over the second. In the dynamic simulation, 
when this top-down bias is first applied, the pattern of activations in the oriented representation 
slowly bends the orientations of the two branches of the bipolar response away from each other to 
allow space for a third branch, although the bottom-up signal still favors a second harmonic inter-
pretation. A sudden change is seen as soon as an illusory third branch sprouts, after which the sys-
tem quickly equilibrates to a third harmonic condition as the third branch grows in size and the 
bottom-up feature representation reflects a predominantly third harmonic pattern. It is interesting 
to note that the top down prime serves not just to bias the high level interpretation of the bottom-
up categorization seen at (A), as would be the case in a feedforward model, but rather, serves to 
distort or warp the representation at the low level in the direction of the primed feature. The sue-
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cess of such priming is intimately connected to the nature of the input, and the feasability of trans-
forming that particular input into the primed form. In this sense, the top down priming is a highly 
context sensitive operation. Furthermore, the effect of the prime is not only felt at the high level 
representation, but fundamentally changes the nature of the low level percept. 
There has been much discussion in the literature on the observation by Eckhorn et. al.[5] that 
edges which are part of a larger global boundary stimulate synchronous firing in single cell 
recordings. This has led to speculations that the phase of neural firing is used by the brain to tag or 
label features that belong to a single object. The orientational harmonic model suggests that such 
synchronous firing is an artifact of the tight harmonic coupling that occurs in the oriented repre-
sentation. Furthermore, this model makes the specific prediction that the temporal frequency of 
spiking of such cells will depend on the orientational harmonics of the input pattern, so that, for 
example, the frequency of spiking to a cross shaped stimulus will be double that for a single bar 
stimulus. 
The rotation invariant representation of arbitrary combinations of orientations at a single vertex 
presented in this model suggests a multi-layer extension capable of representing more complex 
patterns composed of multiple vertices in a rotation, translation, and scale invariant manner. For 
example, consider top-down priming of four nearby points in a lower layer of such a representa-
tion, each with the fourth acoustical harmonic. This would generate four cross shaped regions of 
oriented activity at those four locations. The orientations of these four crosses would not be arbi-
trary however because of the influence of each cross on the others, so that the equilibrium pattern 
of representation in this layer would be of a square shape with crosses at the corners, where each 
cross shape shares two of its arms of activation with two adjacent crosses, which would represent 
the minimum energy configuration of the system. The original pattern of the four vertices could 
be stimulated in the lower layer by a higher layer which represents a single vertex with a cross 
shape pattern of oriented activation located at the center of the square. 
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